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Forward—central dijet decorrelations  «ux, sapsta 2014
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Hybrid “kr-collinear” factorization formula:
dsz J dXA
Tt

dO—AB%X — J J dXB Z 9jg*/A (XAa kT) H) 1:b/B (XB) H) dé\yg*beX(XA) XB) kT) H)
b

XA

The 2-jet calculation cannot be performed at LO within collinear factorization only
and without a parton shower.
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High—energy factorization

001

Collins, Ellis 1991
Catani, Ciafaloni, Hautmann 1991

dx A
Ohyh,—QQ = J %KL — F(x1, ki) d¥kar — F(xz, ki) Ggg(

dX]

m? ki kay
X X, X1X28’ M m
to be applied in the 3-scale regime s > m* > Agcp

reduces to collinear factorization for s > m? > k?,
but holds also for s > m? ~ k5

unintegrated pdf F may satisfy BFKL-eqn, CCFM-eqn, BK-eqn, KGBJS-eqn, ...

typically associated with small-x physics

relevant for forward physics, saturation physics, heavy-ion physics. ..
k| gives a handle on the size of the proton

allows for higher-order kinematical effects at leading order
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Scattering amplitudes with off-shell legs

How to define and calculate scattering amplitudes ¥, = x;0; + kq,
. ] 9 . . 9 p1
with off-shell legs? How to ensure gauge invariance:

e Lipatov’s effective action, in terms of two extra
fields, so-called reggeons. Lipatov 1995
Antonov, Lipatov, Kuraev, Cherednikov 2005

ky = x20p + kot Pn

e Determine extra terms to be added to the amplitude using Slavnov-Taylor
identities. AvH, Kotko, Kutak 2012

e Embed the gluon scattering process into a quark scattering process, where
the auxiliary quarks satisty eikonal Feynman rules. = AvH, Kotko, Kutak 2013

PA PA’ PA PA’ PA PA’ PA PAa’

kZ kZ PB’
PB |%:1 PB P’ PB |%:1 PB
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Off—shell gluons from Wilson lines Kotko 2014

A Wilson line along path C, defined as

\

xle =vesp{ig [ dz AL
C

/

transforms under local gauge transformations as X, ylc — U(x)[x,ylcUT(y) .
Use an infinite Wilson line with “direction” p*

oo

yl, =Pexp {iQJ dsp-Ap(y + Sp)Tb}

—C0

to define the operator

: 1
Ra k) — - 1y-kT a .
(p, k) dee r{—ﬂgT [y]p}

Amplitudes with n on-shell gluons and m off-shell gluons defined by

<k1 ) kZ) AR kn’ R+ (an ) k-n+1) Rz (pn+2> k'n+2) Lo R (pn+m> k-n+m) ‘O>
— 5(pn+1 'kn+1) 6(pn+2'kn+2) T 5(pn+m'kn+m) 54(k1 T k-Z T kn+m)
X -A(k1 ) kZ) T kn+m; Pn+1y Pnt2y .- >pn+m)
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Feynman rules

Planar graphs for the process ) — g*g*g:
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The Feynman rules in the Feynman gauge:
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where p" is the direction associated with the eikonal line.
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- Britto, Cachazo, Feng 2004
BC FW recursion Britto, Cachazo, Feng, Witten 2005

For a rational function f of a complex variable z which vanishes at infinity, we have

FF dz f(z)

lim f(z) =0 i,

Z— 00

=0,

where the integration contour expands to infinity and necessarily encloses all poles
of f. This directly leads to the relation

f(O) L Z hmz—)zi f(Z) (Z_ Zi)

T )

i

where the sum is over all poles of f, and z; is the position of pole number 1.
For color-ordered tree-level multi-gluon amplitudes, this can be translated to

n—I
A A ] A
AQH 2, on=1n ) =Y Y A(12,...,i,—K}) K—ZA(Klﬁi,iH,...,n—Lﬁ_)

1,1
i=2 h=+,— 1,i

where the lower-point on-shell amplitudes have “shifted” momenta.
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BCFW for off-shell gluons

n-gluon amplitude is a function of n momenta k;,k;,...,k, and n directions
P1, P2, - - -, Pn, Satisfying the conditions

kK +Kky+---+khb =0  momentum conservation
pi=ps3=---=p-=0 light-likeness
pi-ki=prka=---=pr-ky=0 eikonal condition

With the help of an auxiliary four-vector g* with g% = 0, we define

kr(q) = k" —x(q)p" with x(q) = ak
q-p
Construct ki explicitly in terms of p* and g*:
< (phv*lal  k* (ghvtipl (qlKlp. (plKlq
kr(q) =—5 — with k=-""—- | k'= "+
T e T2 () (qp) [pq]
k? = —kk* is independent of g*, but also individually

k and k* are independent of q".
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BCFW for off-shell gluons

n-gluon amplitude is a function of n momenta k;,k;,...,k, and n directions
P1, P2, - - -, Pn, Satisfying the conditions

kK +Kky+---+khb =0  momentum conservation
pi=ps3=---=p-=0 light-likeness
pi-ki=prka=---=pr-ky=0 eikonal condition

With the help of an auxiliary four-vector g* with g% = 0, we define

(qlKlp] _ (qlklpl{pr) _ (qlkplr) _ (ql2k-p — pKIr) (qp)[plKir) — (rIKlp]

(qp) (gp){pT)  (gp){pT) (qp){pT) (qp)(pr)  (rp)

Construct ki explicitly in terms of p* and g*:

n * n
_k{phMal K {ghytip) - {alkpl . (plKid]

kr(q) =
T e T2 () (qp)
k? = —kk* is independent of g*, but also individually

k and k* are independent of q".
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BCFW: shifted momenta f(0) = Y limea F2)(2—2)

i

We choose two external gluons 1 and j, and use the direction of one as the auxiliary
momentum to define the transverse momentum of the other, and vice versa, so

ki (Ly*hl & Gyt i Gyt K5 (UMl
e Gy K = (py)pt — i O K G

R O PN —

We adopt the notation [i) = [ps), |[j) = Ip;) etc.. Choose the shift vector
e = J(iv"jl = pire=pjre=ee=0
Using this vector, we then define the shifted momenta

A R PP . s * . s
ki (z) = K" + ze* = xi(p;)pt — — [Glz Gyl kf Ghythl

' 2 [1j] 2 (i)
: Gl K ()2 Gy
(i) =g~ ze = (popy - § U - SRR

Total momentum is conserved, and also
prki=0 , pjk=0
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G

BCFW recursion flo) = ) e M

The BCFW recursion formula becomes

ziﬁizf 57 S_zyh+—§:B + C+ D,

1i=2 h=+,—

] n

where

i i+ i-1 1 LAt
. h ] h . . 1 .
Ai —_— . _— . Bl — ° o
h : <>_ K%,i 4<> : , ;J\‘/ 2pi-Kin ?
7 N T fi

The hatted numbers label the shifted external gluons.
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On-shell limit

For each off-shell gluon j, we can identify the following terms in the amplitude

Afl) = < Ully) + < Vli) + WK
)

The actual amplitude needs a factor proportional to , /—ka, we choose k'

KF
qﬂwgzumy+ﬁV&ﬂ+@me

j
The ratio «;/k; does not vanish in the on-shell limit, and an angle dependence re-
mains.

) kj2_>0

AN T (U |+ (V)| + e2OU(p;) Vps)* + e 29U (p;)*V(p;)

Interference terms vanish upon integration over @.
e the — helicity can be associated with U, or 1/}

o the + helicity can be associated with V, or 1/k;

015 BCFW recursion for amplitudes with off-shell gluons | Andreas van Hameren | 19-06-2014 12



3—-gluon amplitudes

) — ggg, at least two shifted momenta

A(17,27,37) = <3<12>3<>132> AT, 27,37 = [z[f]z[f.%]
0 — 9799 3 ’
A(1*,27.37) = K]T <1<23>]<>23> B |<]1 [1[33]][1,2]
b — g9"g”
A(1*,2%,3°) = K;Kﬁ <3<12>3<>132>  Al2,37) = Kz]Ks [2[13]2[]133]
b — g g g"

(123328
k3K (1[Ks121(2[K [31(2[Kr12]

where the second and third term are obtained by applying the cyclic permutations
on the arguments and indices of the first term.

A(T1%,2%,3%) = +(231) + (312) ,
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4—gluon amplitudes, 2 off—shell

1y w13y
ax an@es 0 MY S e s ea e

A(1%,2% 3% 4%) =

T —(11ps + Kal4*
A(1%,27,37,4%) = <k 2lKlA1(1KaI31(12)[43] (p3 + ke )2
L (34)314) ] 217 (14)°
<1 (4K + K121k 41 AR 14123) kG (4K + KT (K3 Ka11132)
o (13)3[13]°
AN 25 354) = B an (16 + 431306 + AB2IRT
o (12)3[43)3 L (23)°14)°

KiKks (2[Ks41(TIKs + Pal3l (ks +pa)?  kikd Q2[Kl4] GBIk +pal1] (k1 4 pa)?
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MHV amplitudes

A(17,17, (the rest)™) = (prpy)”
Y (P1P2) (P2P3) - - - (Pr2Pn1) (Pn1Pn) (PuP1)
A(17,17, (the rest)”) = pip)*
o [P1Pn] [Pnpn—1] [Pn—ﬂ?n—z] e [P3Pz] []32131]
L o] (p1ps)’
A e et = o (paPs) (2P 1) (P 1Pw) (PP )
A(1*,17, (the rest)”) = 1 pip)*
o K1 []31]3n] [Pn]?n—1] [Pn—ﬂ?n—z] v []33]32] []32]31]
- ] (pip1)*
AT, therest) ) = KTKE (P1P2) (P2P3) - - (Pn2Pn 1) (Pn1Pn) (PuP1)
14
A(1*,1*, (the rest)”) = 1 PPl

K1K{ []31]3n] [Pn]?n—1] [Pn—ﬂ?n—z] v []33]32] []32]31]
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